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Thermal Reliability Analysis of the Bearing Units in a Centrifugal Pump
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ABSTRACT: In this paper, the experimental study has been carried out to investigate the
reliability lifetime of two bearing units based on the oil temperature. Measurements for the oil
temperature as well as the bearing temperature during normal operation were performed to
study the effects of oil viscosity and oil submergence percentages in the two bearing units.
The optimal lubrication condition to increase the lifetime of the bearing unit A was found that
its viscosity and submergence percentage were VG32 and 25%, respectively. For the bearing
unit B, when the oil viscosity and submergence percent were VG32 and 75%, the lubrication
condition was the most efficient. Finally, the adjusted rating times of both the bearing units
were calculated to be over 28,000h, which is greater than the minimum adjusted rating times
of 25,000 h. Therefore, they satisfied the regulated lifetime of API 610.

Key words: Bearing unit(#]©]8 %), Thermal reliability(® 41 2] 4d), Lubrication(&&), Visco-
sity(B %), Adjusted rating time(B® AR A 5d)
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Fig. 2 Sectional plan and photo of bearing units in the present study.
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Table 1 Submerged ring height and oil volume
with oil submergence percentages

h V (ml)

(%) | (mm) |Bearing unit A|Bearing unit B

0 40 1100 780

25 105 1250 830

50 17.0 1425 980

75 235 1600 1080

100 30.0 1750 1180
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Fig. 5 Transient variation of oil temperature

with o1l viscosities in bearing unit A.

il Adl ois] B AgHE 2

o gy B4 317

Aolt woltt o 1002

g3t Aoz Ur‘e}kkﬁ} gal FH7r VG322
A$ 299 X 4647C, VG469 A4 430T,
VG68Y A% 528Ci ZAHAY. Hert 52

298 ALBFE oo LTVl FopEL ¢
F gon ot A=} & 29U& ASETH
ougs} Zo) vpdo] AXNAAN U e 9
3 oo W] fRolth wolx 3 A9
A% 299 2% A5 Zol7] YsME A=}
74 Ge VGRE AHESE Ao fERe @ 5
gth. o) Han'o AFAFNYE & A e}

A FFY 9Ug ALE F48d wdE =
Ag Wolad §9 A9 S ULEE Fig 69 e
Wtk S9&0) Z7ge we edLxE F7}
e A%e Yehin, AEs & 9de A8
52 2o S840 2Y9eEE B4 Vet

980 0% A 9] EFFo Awgol
299 2= 28CE ¢AIGEY = 54
% 3 Ao ot edYo] 2ol A9 BA ¥
o} 9 HE oo gk AF WA Fspvl
WEoln wojge siEde] ALHA ARYSS
& % gl

980 5% A 299 LEE F980
0%9 ASo H3 VG32E= 7C, VG46<L 10T,

VGesE 15C A= A5dded os £ Ho
o ntFdol UG & Y HALH7
60 — T T T r
551 ]

o .

o .
= s0f .

o E

’—

g 45} _

3

§ 40| _

Q

£ .

g a5¢ - _

5 _a- VG 32
0L i - a- VG 46]-

e VG 68

s 25 50 75 100

Oil submergence percent, s [%]

Fig. 6 Variation of oil temperatures with oil
submergence percent of bearing unit A.



318 LR .

AFgsEA 25 A5E fEElar] gEolth

$980] 50%NA 75%7tA ZF7tEtdE Y
9 &5} 238 1T AR #A23E AL /4
&o] 5% Bt K&l 50%0 Bl wl
3 Wlolye F&o) HFF Fo2 29 &
A8 HgeuA dojad F9 ulFdE E97I
W&o Aew A

&) 100%2 A 2Y 2 2¥Y F
Fol #Agol €l %Y #HEr} 10T o]
A Z7181ach 299 257 HF & olfE
2Ugo] 9o Wol FA 2US &3] He
gz 23tz o3lg AAH £EL FHHHES
gk ofe}l HojYe] FEAA LYol FIA
Hoj g rl@do] 1Yz LYo HEHIA
7] d&o)ch

593 =4 oM EAHT #Wod FUH A9
JAakabe] B3] 2% Fig 79 el Hl
o]geo] £5= AXNZHOZ Fig.69 29259 &
A A%E JeEhTh 80 0% 735 o)
olge 2% 2IdLEE 6~8C AEE 7%
2 FolE B3oy #4480 F/E854F HAH
I} ede 2EAE ZFAEUL. EI FAS &
gAH7 2A45HAY T Add A, 0% 75
%AME Wiy 2de 25+ 1C o3

Holyd f4 A9 H$ odLxeo Hog 9
27 M YA fAHE A¥E 2d FHA
VG320l H81&0] 0%y welch v Uyt
Hoz uigHH(ring type)S AH&3tE A4E

ol B FHL&0) 0% BEE VIEE F

ox

o

60 — T T T T
.
o 551 oA
2 os0f
g
§ 45+
2
g 40 P
i3 Pl
o a5l A/ _
% . -a—VG 32
& 30t - a- VG 46|
-s- VG 68
25 1 1 1 1 1
0 25 50 75 100

Qil submergence percent, s [%]

Fig. 7 Variation of bearing temperature with
oil submergence percent of bearing unit
A

ol Aw

3 edge A7) T& AAHRY :AHES @
o} whek flgo) 25% VT wig AL ¥
09e AHEE HEE JMEEA =Y JME F
Z9 A /A g3 2dFeo] FEART
¥olA 2 duHz AAH7] HBd 2¥9E He

E 2838e A A R3A A

g AP AgE Ty F2 AMEHE
ZAE HH] Fol F9&o]l 42 FH= F7
A HY ey Ad % FZ 2%e d
o7 stgAe) molAA Ed. £ A7 BF
Ao g8z YPAE B-TBRE AFIYY
A AEE 28 29 TRV VGReR #4
gol 5% A$ol olFolxdtn & £ gtk

29 FF7F VG32oli fr¥&o] 6% AF
2Y¥2E¥E 348CE Fig.3& o|&3td T8 H
od &4 A9 BAAA 3L 28700hE APL
71 % 25000hE WF3e A22 Yy

52 vojd 71 B

wWolg #W Bel dis] HZo] ALEEE 29
250 wa gZo AAGE LHA &0l
100%9) 73S0l thate] Aztel] W U7 Hof
39 2xWHE Fig. 89 Yehhsith

299 2%y AZFHAXN == BHES
Wolgyd % Aol A9 vi¢ FAS AEE R
ol EgAZES o 808 AEE oy fH A
o w3 we Edste Ao Yeigth F4Y
Heol =23 T o9 2 VGRS A 395

60 T T T T T
55 ]

S0 |- b

45 - B

°

Oil temperature, T [°C]

15 ) : L L s
0 20 40 60 80 100 120

Time [min)]

Fig. 8 Transient variation of oil temperature
with oil viscosities in bearing unit B.



PAHZ dlojy fute QA=A

60 — ¥

55 + 4

50 - E

Oil temperature, T, [cl

25 i 1
0 25 50 75 100

Oil submergence percent, s [%]

Fig. 9 Variation of oil temperature with oil
submergence percent of bearing unit B.

T, VG469] 7§ 419C, VG689 ¢ 434T=
245k ol 3 Bl Feol= woly #
R As HbAZ AEV} B 092 ASY
4% ode eXE kov VGRY A4 2d
o e ¥Fel A A ek

A EFY 0de Agdtel F98d ue

A% Wy # BY 29U EEE Fig 99
Bl edere A&l 26%Y WA
Zhetezh 2 oolf dAY 2%E dEiR %
o, A=t 2 2de AHEETE 2dERT
A vebdo. B3 WMoy #3 B edex
VG329 4% /&S AYsE FoHes
& 0% edFonT Wolyg R AY 99
T2 AL Aol7t glhe AL & 5 Ut o
= 4

2ol B ojo ol £ e

2 o
N

L ole &3 wolFe wiztdo] o4
o o5 odd ALEHI] AFIEM L= A
< f2e Aos wdALt

A&l 25% ojFde FH&o FUFHARE
29257t dARA eV F9& 5~100% T
BeAME 29y o o3 F8o] AdAIA =4
a2

Aee ANT + Atk

I
oy off o o ¥

4 319

du
J

Bearing temperature, Ty, {C]

—a-VG 32]]
30+ - a- VG 46|
e VG 68
25 1 1 1 1 N
0 25 50 75 100

Oil submergence percent, s [%]

Fig. 10 Variation of bearing temperature with
oil submergence percent of bearing unit
B.

Fr€o) 100%% B9 2de 2x7t HAF
9 Ast gz FASA FEA gn 239
wA Udeld AL #ojd {43 Be 29F0 R
WA o o] wojgel o EAR] BX ¥x H
ojge] nladxte] MYy W& Aoz Ad
Hrh

2o AFzA st Holdy f4 B AN
Arel Wiol®) &= Fig. 100 Jehlitt. wojd
9 25E FH8o] 0% AS wWAHY 2+
Fig. 99 2d2x ¢ v u3gdg w 7Co zolE
RYon #of&o] 5%Y o HojHe 2+
50C oldeg oUxe 2xx7F 74 A o
ettt f9l8o] 256%9 AE dwolyge 2xe
299 2571 Ml 79 24 EF M =4
veht 447 24598E ¢ F o

&0l 50% ol F FHE&e] FNEFE VGR2
o] A9 dlojge £57} 5T o) #A3gon
VG463 VG682l A-Sdle AHY 4AZ 2EE
A&

s} rl7iA 2 oY
&0l 0% wolth
9 o2 /3 HYY sgxAL F
75%%F 100%2%) A4 =Addn & F Yt
714 F FYLAAY oY 22
cdEs 1Y ZF$ wod §Y BY HF &
gz AgF o e 098 AME3lE

& 5% 2ARGD & F Qi

rir
o
% O
s
il



520 Eqe- 2

2 77} VG320l3 H9l&e) 5% A
29d2x9 395CE Fig.39 HAAZA FuAdx
& o]&38 T3 woly {2 B BAYAF
e 28200hE vlRIFRAZ APl 71& $m9
25000 hE TE3E Aoz el

6.2 =
2 AFANE F A Wl fuol e o
R 4980 me 23 Mol ex

A
ges Agxe] ndY BARY $9o2 4
Aee Aol FYHlY 5 A

@ #Wold #3% Asl HAHe gAHE 2
FR7 VORI, H91&0] 2% Aol =4
95 ol RAAZA $7L 28700 API 7]
g BEAAY,

@ Welw #2 B HF a@AHE o
FF7h VG2, &0l %Y A4l 24
g5 olmsl AR $9L 28200n2 W0}
9 Ast A9 YW 9L AN,

@ Wel® §9 B Wold &% A% A F
9% £9¢ 2E AL AL 20U AN
= dloly #9749 BAWAS FANA 494
EEE R EETE BRE R E2

!

o

2 ATE 004 FARE - 24Y WYY
A QA e wol FAsen o) 7
AE YU

iLa]

rak

7 R

1. Han, S.K,, Kang, B.H. and Lee, B.J.,, 2004,
Prediction of oil lifetime due to overheating
of oil and bearing housing in a pump,
Korean Journal of Air-Conditioning and Re-
frigeration Engineering, Vol. 16, No.5, pp.
408-413.

2. Nelik, L., 1993, Bearing life extension and
reliability features of modern ANSI pumps,
The 2nd International Conference on Im-
proving Reliability in Petroleum Refineries
and Chemical and Natural Gas Plants.

3. API Standard 610, 2004, Centrifugal Pumps
for Petroleum, Petrochemical and Natural
Gas Industries.

4. KS B 2019, 2001, Methods of evaluating
dynamic load ratings for rolling bearings.

5. KS B 2020, 2001, Static load ratings for
rolling bearings.

6. FAG Bearing Catalog (WL 41520/3 KA), 2002.

7. KS M 2120, 2001, Turbine oils, Korea Stand-
ards Association.



